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Abstract— this paper compares different solar photovoltaic (SPV) systems implemented 
worldwide including solar fuel saver (SFS) systems and focuses on the advantages and 
disadvantages of each system discussing the suitability and conformity of each system to the local 
electrical situation in the Gaza Strip.  The case study presented in this paper deals with the 
laboratory building at IUG which was recently retrofitted by Building Applied Photovoltaic 
(BAPV) project featuring 141.75kWp hybrid DC coupled solar power system with battery backup.  
System sizing results is presented. The BAPV system optimizes solar power harvesting by 
managing energy share between the DC and the AC sources when present simultaneously. It 
integrates both sources in a hybrid mode via limiting the energy share from the AC source and 
giving priority to the DC power during daylight operation.  The system is expected to commence 
operation by year 2016.  The aggre-gate SPV system is expected to generate a total of 
approximately210MWh per annumthus reducing 130 tones of CO2 emissions yearly.  The annual 
savings are expected to be around 56kUSD which means that the investment capital cost shall be 
retrieved after eleven years of commercial operation. 
Index Terms— SPV, BAPV, PV-diesel, hybrid DC coupling, solar fuel saver SFS, CO2 emissions 
 
 
I. INTRODUCTION  
Solar Photovoltaic systems have played an im-
portant role in the solar industry because solar 
PV systems are clean, environment friendly and 
considered secure energy sources [1].   
The Gaza Strip is almost totally dependent on 
imported traditional energy such as petroleum 
products and electric energy.  Table (1) summa-
rizes the power supply and demand status in the 
Gaza Strip for year 2015. 
 




First case Second 
case 
















Deficit % 50% 67% 
 
Solar energy is closely related to the movement 
of the sun and location's latitude. Figure (1) 
shows that the average yearly sum of global 
irradiance is approximately over 2000kWh/m2 








Figure 1: Average yearly sum of global solar irradiance 
Figure (2) shows the effect of various tilt angles 
on solar insolation reception in Palestine. The 
optimum tilt angle is found to be 30°±5°.At this 
tilt angle, the average daily sum of solar irradi-
ance istaken to be 5.61kWh/m2 and this value 
is used to estimate the energy generation of 
solar PV systems in the Gaza Strip. 
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Figure 2: Effect of module tilt angle on PV generation 
[2] 
A. SPV system derate factors 
Table (2) recordsthe derate factors and the 
overall efficiency of the SPV system.  Anover-
all system derate factorof 72% shall be adopted 
in this paper. This value means that the AC 
power output is 72% of the nameplate DC 
power rating of the PV array evaluated at 
standard testing conditions (STC).  This is a 
reasonable estimate adopted for modeling the 
AC energy production.   
 
Table 2: Assumed derate factors of system 
components 
Derate factor Value 
PV power tolerance 0.97 
MPPT mismatch 0.96 
PV module mismatch 0.98 
Diodes and connections 0.99 
DC wiring 0.95 
AC wiring 0.98 
Soiling/dust 0.97 
System availability 0.99 
shading 0.99 
Total fixed derate fac-
tor 
0.8 
Total average variable 
derate factor due to 
temperature 
0.9 
Overall System derate 0.72 
B. Explanation of system derate factors 
The derate factor for the PV power tolerance 
accounts for the accuracy of the manufacturer's 
nameplate rating. Field measurements of a rep-
resentative sample of PV modules may show 
that the PV module powers are different than 
the nameplate rating or that they experienced 
light-induced degradation upon exposure (even 
crystalline silicon PV modules typically lose 
2% of their initial power before power stabiliz-
es after the first few hours of exposure to sun-
light). 
The derate factor for the MPPT mismatch is 
the efficiency of the MPPT inverter or charge 
controller.  
The derate factor for PV module mismatch 
accounts for manufacturing tolerances that 
yield PV modules with slightly different cur-
rent-voltage characteristics. Consequently, 
when connected together electrically they do 
not operate at their respective peak efficiencies.   
The derate factor for diodes and connections 
accounts for losses from voltage drops across 
diodes used to block the reverse flow of current 
and from resistive losses in electrical connec-
tions.  
The derate factor for DCwiring accounts for 
resistive losses in the wiring between modules 
and the wiring connecting the PV array to the 
inverter.  
The derate factor for ACwiring accounts for 
resistive losses in the wiring between the in-
verter and the connection to the local utility 
service.  
The derate factor for soiling/dust accounts for 
dirt, dust, or other foreign matter on the front 
surface of the PV module that reduces the 
amount of solar radiation reaching the solar 
cells of the PV module. Dirt accumulation on 
the PV module surface is location and weather 
dependent.  
The derate factor for system availability ac-
counts for times when the system is off due to 
maintenance and inverter and utility outages. 
The derate factor for shading accounts for situ-
ations when PV modules are shaded by nearby 
buildings, objects, or other PV modules and 
array structure.  
The derate factor due to temperature accounts 
for ambient temperature variations around the 
year 
 
II. POSSIBLE CONFIGURATIONS 
FOR SOLAR PV SYSTEMS IN THE GAZA 
STRIP 
There are four possible configurations for solar 
PV systems that can be applied in the Gaza 
Strip. Each system has its advantages and dis-
advantages which can influence the decision of 
adopting such system in the Gaza Strip.  These 
systems are explained as follows: 
 
A. PV- grid integrated systems 
In this system, solar power synchronizes with 
the grid thus reducing the amount of imported 
electricity.  This type requires no batteries as 
shown in Figure (3)  
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Figure 3: Block diagram of PV-grid integrated system 
[3] 
 
A typical PV – grid direct load daily profile is 















Figure 4: PV-grid integrated load profile 
 
Table (3) lists the advantages and disadvantages 
of such system. 
 















 Least cost due 
to no batteries 
integration 
 Does not re-
quire a room 












 It shall be off 
completely at 
time of wars 
when no 
main grid is 
present. 
 
B. PV –diesel integrated systems 
The price for PV systems has decreased by 
more than 60% in the last three years while fuel 
cost for diesel generators are constantly rising 
as shown in figure (5).  This makes solar PV 
systems economical, sustainable and a clean 











Figure 5: PV and diesel cost trend compared [4] 
 
In this type, the PV system reduces the energy 
consumed from the grid and also the amount of 
fuel consumed during power cuts.The single 
















Figure 6: PV – diesel integrated systems 
The solar fuel saver ensures that the generator 
is always operating at or above its minimum 
output which is 25-30% of its rated apparent 
power as shown in figure (7).   
If the load drops below this value, then the so-
lar fuel saver simply reduces the total power 












Figure 7: PV – diesel integrated load profile 
The diesel generator must be large enough to 
accommodate the demand when the PV genera-
tion drops due to intermittent clouds.  The die-
sel generator sees the PV input to the system as 
load reduction and reacts accordingly in order 
to maintain system frequency and consistent 
power flow. 
C. AC-coupled SPV systems  
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In these systems, the SPV is connected to the 
grid or a diesel generator through bidirectional 















Figure 8: AC coupled SPV systems [5] 
 
The system first priority shall be for the solar 
generation.  The grid shall be on the second 
priority supplying the balance of current when 
the solar power is smaller than the protected 
load power.  If there is excess PV generation, 
the extra power shall be exported to the grid 
through the bidirectional meter. When the solar 
power is smaller than the protected load power 
and the grid is off, the battery bank shall be on 
the third priority supplying the balance of cur-
rent down to 50% DOD. If there is excess PV 
power, the batteries shall be charged till 100% 
state of charge (SOC). 
 
Table (4) lists the advantages and disadvantages 
of such system. 
Table 4: Pros and cons of AC coupled SPV sys-
tems 
Type 
of system Pros. Cons. 
 
















ity.  A backup 
power source 
is needed such 
as batteries 
and / or gener-
ators which 
adds extra cost 







A one way directional energy meter shall be 
placed at the output of the grid inverters to 
measure the aggregate PV generation (FIT me-
ter), a bidirectional meter shall be placed at the 
utility side on the input of the battery inverters 
to measure the amount of excess solar energy 
fed to the grid and the amount of energy bal-
ance consumed by the protected load (net-
metering). 
A directional meter shall be placed at the pro-
tected load side to measure the demand energy 
consumption.   
 
D. DC-coupled SPV systems 
In these systems, the SPV is connected to the 
grid or a diesel generator through bidirectional 
















Figure 9: DC coupled system 
 
When the grid is off, the system works in in-
verter mode.  It discharges power from the DC 
bus with first priority for solar generation. The 
battery shall be on the second priority supply-
ing the balance of current when the solar power 
is smaller than the protected load power.  If 
there is excess PV generation, the batteries are 
charged till 100% state of charge (SOC) as 
shown in figure (10).   
When the batteries are full, the charge control-
ler shall limit the PV power.  When the grid is 
 - Can supply 
power to loads 
during outage of 
grid power 
thanks to the 
battery backup 
-Reduces elec-
tricity bill and 
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on, the loads are supplied from the AC and DC 












Figure 10: Battery charging from excess PV power [6] 
 
Table (5) lists the advantages and disadvantages 
of such system. 
Table 5: Pros and cons of DC coupled SPV 
systems 
 
III. SYSTEM DESIGN AND SIMULA-
TION RESULTS 
The SPV system adopted for the case study was 
DC coupling with battery backup.  The block 













Figure 11: DC-coupled SPV system block diagram 
The system was designed to meet the electrical 
limitations listed in table (6). 
 
Table 6: Case study electrical system limita-
tions 
 
The system was installed on the roof top of the 









Figure 12: Roof Top SPV DC coupled system 
 
The system's DC and AC energy production is 
shown in figure (13) with a daily average AC 













Figure 13: Simulated energy output of SPV system 
 
The roof was retrofitted by BAPV system as 
shown in figure (14) 
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STC 
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Figure 14: Roof mounted SPV 2D layout [7] 
 
The steel structure was designed so that the 
inter-row shading is avoided around the year as 





Figure 15: steel structure inter-row spacing 
 
Table (7) records the brand and quantity of the 
main components used in the construction of 
the project. 
Table 7: Equipment used in project implemen-
tation 
Equipment  Brand and quantity 











Steel structure Hot galvanized steel-
profile / angle type 
 
IV. ECONOMIC IMPACT OF CAS-
ESTUDY 
The system is expected to generate a total of 
210MWh/yr substituting the combined energy 
supply from the public grid and the local diesel 
generator.  In this case, the calculated annual 
savings when operating the SPV system shall 
be in the range of 56kUSD.  This means that 
the investment cost shall be retrieved 




Based on the findings of SPV integration in 
existing power systems, it is highly recom-
mended to utilize solar Photovoltaic system in 
public buildings as a partial green solution to 
the shortage of generated energy in the Gaza 
Strip.   
The paper compared different solar photovolta-
ic (SPV) systems implemented worldwide and 
focused on the pros and cons of each system.  
It discussed the suitability and conformity of 
each system to local electrical situation in the 
Gaza Strip.   
The case study presented in this paper dealt 
with the laboratory building at IUG which was 
recently retrofitted by Building Applied Photo-
voltaic (BAPV) project featuring 141.75kWp 
hybrid DC coupled solar power system with 
battery backup.   
The BAPV system integrates both AC and DC 
sources in a hybrid mode with large emphasis 
on PV power by limiting the energy share from 
the AC source thus giving priority to the DC 
supply during daylight operation.   
Once commissioned, the system is expected to 
generate a total of approximately 210MWh per 
year contributing to nearly 130 tones of CO2 
emissions per annum.  The investment cost of 
the project shall be retrieved by the end of the 
first eleven years of commercial operation of 
the SPV system. 
 
REFERENCES 
[1] T. Khatib, A. Mohamad, K.Sopian, and M. 
Mahmoud "Optimal sizing of building in-
tegrated hybrid PV/diesel generator system 
for zero load rejection for Malaysia" Ener-
gy and buildings Journal at 
www.ELSEVIER.com  September, 2011. 
[2] M.S. Ismail, M.Moghavvemi and J.M.I 
Mahlia“Design of PV-diesel standalone 
hybrid system for remote community in 
Palestine.”Paper published in Journal of 
Asian scientific research 2(11): 599-606.  
[3] "A guide to solar power at business or utili-
ty scale " www.solarcentury.com 
[4] "Solutions for integrating photovoltaic's on 
diesel grids" www.ingeteam.com 
[5] "Solar fuel save, a step forward towards 
greener diesel grids" www.JUWI.com 
[6] " SMA smart home" 
www.sma.de/smarthome 
[7] MAALIM consulting company "steel 
structure design for the IUG lab building" 
technical report, December 2015. 
  
IEC6-2016/ Zeyad A. El-Ghussain 
6th International Engineering Conference on Energy-Efficient Buildings | Islamic University of Gaza   95   
ZEYAD A. EL-GHUSSAIN has over 15 years of pro-
fessional experience in the field of traditional and 
renewable power engineering. He acquired Bachelor 
of Science in Electrical Engineering (BSEE) from 
the University of Idaho-USA in 1994 and a higher 
engineering diploma from the Norwegian University 
of science and technology (NTNU) in the field of 
electric power systems (EPS) in year 2000. He 
worked for the Palestinian Energy Center (PEC) in 
Gaza as a research engineer and works currently as 
the director of the research and studies department in 
Palestinian Energy Authority (PEA) and as an advi-
sor for many renewable energy projects in Gaza such 
as SPV system for the lab building in the Islamic 
University of Gaza. Email: zghosain@hotmail.com 
